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The process of gene expression relies on largemacromolecular complexes at almost every step, makingmechanistic and
structural studies a challenge. This Molecular Biology Select highlights recent studies that provide structural insights
into transcription initiation, tRNA loading and translocation on the ribosome, and RNA mediated silencing by Dicer
complexes.
TFIIB Opens the Door for Transcription
To get started making RNA from a DNA template, RNA polymerase II (polII) engages the DNA
along with a suite of general transcription factors, including TFIIB, to form the preinitiation
complex (PIC). Dynamic changes to the DNA and proteins result in opening of the PIC in prep-
aration for nucleotide polymerization. Kostrewa et al (2009) present a combination of structure
analysis, modeling, and biochemical experimentation that identifies an unanticipated role for
TFIIB inopeningpromoterDNAand locatinga transcription start site. TFIIBbridges thepromoter
DNA and polII, collaborating with other factors like TFIID. Previous biochemical and structural
results suggested differing models for how TFIIB would interact with polII during the transition
from the PIC to active polymerization. The current study focuses on TFIIB’s linker region and
shows that mutations in this region impair in vitro transcription and compromise yeast survival,
pegging its crucial role in the process. Interestingly, footprinting analysis of the related Pfu poly-
merase reveals that mutations in the analogous B linker abrogate promoter opening. In polII
transcription, a domain adjacent to TFIIB’s linker, the B reader, scans the opened DNA for the
transcription start site.Oncepolymerization is upand running, thegrowingRNAchain eventually
displaces TFIIB. This work reconciles structural and biochemical data in the field, provides new
insights into how polII gains access to the DNA, and lays the groundwork for a detailed under-
standing of the transition from the initiation to elongation phases of transcription.
Kostrewa et al. (2009). Nature. Published online October 9, 2009. 10.1038/nature08548.
Factoring GTP Hydrolysis into Translation
Our current insight into how the GTPases EF-Tu and EF-G facilitate the elongation
cycle during protein synthesis derives primarily from biochemical experiments and
cryo-EM analyses. Two recent papers from Schmeing et al. (2009) and Gao et al.
(2009) bring a new level of mechanistic detail to our understanding of how these
crucial factors function on ribosomes. Both studies rely on structural analyses of ribo-
somes trapped in specific states by bound antibiotics, enabling snapshots to be
taken of the machines in motion. Schmeing et al. (2009) report on the complex
containing the 70S ribosome, two ribosome-bound tRNAs, mRNA, and the ternary
complex (an aminoacylated tRNA, EF-Tu, and GDP). The structure also includes
two antibiotics, which stabilize the ribosome and prevent dissociation of EF-Tu after
hydrolysis of GTP. The structure reveals how binding of the aminoacylated tRNA to
the ribosomal A site sets the stage for a round of accurate peptide bond formation.
Correct base pairing between the incoming tRNA and the mRNA codon in the
A site as the EF-Tu maintains a hold on the tRNA requires a twist in the tRNA.
Codon-anticodon pairing leads to closure of the 30S ribosomal subunit around the
bound tRNA and a series of conformational rearrangements, predominantly in the
tRNA and EF-Tu, which stabilize the distorted tRNA. Themovements in EF-Tu expose
the bound GTP to a reactive histidine, leading to GTP hydrolysis, dissociation of EF-
Tu from the ribosome, and accommodation of the charged tRNA in the A site for pep-
tidyl transfer. Once EF-Tu departs and a peptide bond is formed, the ribosome needs
to progress along the mRNA template to reveal the next codon in the A site. EF-G
drives this translocation, as Gao et al. (2009) report. In their study, Gao et al. examine
a new crystal form of the ribosome that lacks a crystal contact that had previously prevented binding of EF-G or EF-Tu. The
authors include fusidic acid in the complex to trap the posttranslocation state after GTP hydrolysis (that is, the point
at which the mRNA has moved to expose a new codon in the A site after peptide bond formation). EF-G and the ternary
complex share structural similarity, and there appear to be conformational changes in EF-G leading up to GTP hydrolysis
that are reminiscent of those in the 70S-ternary complex structure. The captured conformation of EF-G also shows interac-
tions between it and the A site tRNA that are maintained as the tRNAmigrates to the P site during translocation, suggesting a
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mechanism for preventing frameshifting. These high-resolution structureswill enable a new level of refinedmechanistic explo-
ration of GTPase function during translation and set the stage for a wave of structural insights into the regulation of protein
synthesis.
Schmeing et al. Science (2009). 326, 688–694.
Gao et al. Science (2009). 326, 694–699.
Bringing a Dicey Handoff into Focus
Although there are now high-resolution crystal structures of the macromolecular complexes
responsible for transcription and translation, other essential complexes for controlling gene
expression remain veiled in mystery. This group includes the Dicer-containing complexes
that ensure production of small RNAs, the siRNAs and miRNAs, that are key regulators of
gene silencing. Two recent studies, Lau et al. (2009) andWang et al. (2009), take steps to bring
the human Dicer complex into focus. The human Dicer protein interacts with RNA duplexes, as
well as with two proteins, TRBP and Argonaute2. Argonaute complexes have been character-
ized structurally, but the only information on Dicer proteins comes from the X-ray structure of
the Dicer protein from the protozoan parasite Giardia intestinalis. Human Dicer is significantly
larger than the Giardia Dicer protein, containing additional functional domains. Consequently,
Wang et al. take a stepwise approach, using negative stain electron microscopy (EM) to look at
the structures of human Dicer-containing complexes. They
begin by analyzing the EM structure of a truncated Dicer protein
lacking a helicase domain andmatch the X-ray structure ofGiar-
dia Dicer (a surrogate for the protein’s nuclease domain) to the
model in order to orient Dicer within the EM density. This anal-
ysis serves as the basis for examining the full Dicer-TRBP-Ago2 complex. Through judicious
crosslinking of the heterotrimer, single particles of the Dicer complex were obtained. They
then were refined to 33 A˚ and classified to distinguish dimers of Dicer and TRBP, dimers
of Dicer and Ago2, and the tripartite complex. The structural findings support a model in which
association of TRBP stabilizes the interaction between Dicer and Ago2. Lau et al. (2009) also
use negative stain EM and single-particle analysis to gain structural insight into the complex
between human Dicer and TRBP. From a reconstruction of the Dicer-TRBP dimer at 18 A˚,
they define a cleft on the dimer surface consistent with the dimensions of an RNA duplex
and use the Giardia protein structure to develop two models for how the heterodimer might
position the RNA for cleavage. These studies lay the foundation for developing detailed insight
into how Dicer produces small double-stranded RNAs and then hands them off to Ago2 for
strand selection and downstream silencing.
Lau et al. (2009). Structure 17, 1326–1332.
Wang et al. (2009). Nat. Struct. Mol. Biol. Published online October 11. 2009. 10.1038/nsmb.1673.
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